of unemployment rate on health outcomes in the developing world, particularly in China. The disease profiles and social welfare infrastructure in China was different from that in developed countries. In past 30 years, great achievements have been attained in China, both in economic conditions and population health (10) . Thus, it is necessary to take a closer look at the economic conditions of China, as well as the effects from economic development on population health status. In this study, the unemployment was taken as the object of study, directly reflecting the economic conditions. In addition, mortality rate was involved for demonstrating health outcome for entire population. Chinese provincial data from has been referred to analyze the shortrun and long-run association between unemployment rate and health status. The involved analysis methods and models were similar to that of in previous studies (5, 11) . For the relation between unemployment rate and health, similar study has been conducted in developed countries, while this study mainly focused on this issue in developing country with large population. Therefore, it may be helpful for people caring about global health by filling in existing knowledge gap and thereby, providing a more complete picture about global health status. In addition, exploring the relation between macro economy and population health in developing countries like China will help in understanding the situation in vast member of developing countries. It will be conductive to expanding the horizons of health promotion.
Chinese economic growth and health outcomes
China has witnessed great changes in both economy and the health of its population in last three decades. The registered unemployment rate in China has been controlled within 4%. China has distinguished itself through rapid and sustained economic development. It considered that China's favorable economic conditions contributed to ‗the greatest increase in wealth for the largest number of people in the shortest time in the history of mankind' (12) . Accompanied by excellent economic conditions, it also obtained great achievements on population health conditions in China. As the world's most populous nation, tremendous improvements in health status have been achieved in China for last a few decades. From 1964 to 1982, an average life expectancy in China was 60 years and it rose to 71 years from 1990 and 2000. It has continued to rise (13) . As for 2010, life expectancy was estimated to be 74.5 years and it was assumed to reach 81 years by 2050 (14, 15) . The lower unemployment could be generally related to more favorable economic condition. The lower unemployment rate in favorable economic condition has been significant in reducing the mortality rates (16) . First, lower unemployment rate and favorable economic conditions lead to more health investment from government, which could be beneficial to health improvement. According to Okun's law, unemployment rate was negatively associated with economic growth (17) . Lower unemployment will allow for abundance, entitled the government to afford more health investment; while higher unemployment rate will result in a serious waste of social labor resources, leading to further huge losses of social wealth. Correspondingly, during economy downturn, the ability of the government to provide health services will be diminished with shrinking investment. Thanks to low unemployment rate and stable economic growth in China, the capacity to provide health care has been improved largely (18) . Second, for individuals, the physical status accompanied with unemployment will also influence the health status, such as the material losses associated with unemployment. For those who manage to stay in employment, they may be at risk of losing their job in recessions, lower personal health-related expenditures and possibly lead to unhealthy behavior (e.g. diet) and outcomes (5, 19) . The unemployment rate would make effects on people, in the aspects of both materials and psychology. First, low unemployment rate would lead to associated good status in security and repose. It was beneficial to good health outcomes. As a developing country like China, a completely sound social network has still not been constructed in China. A large proportion of people had to pay for health services all by themselves. For example, prior to the current health reforms, many people were left uninsured and they may be in a high risk of financial crisis. Until now, the reimbursement ratio of medical insurance was relatively low. The proportion of individual payment was still high (20) . It is well known that, for Chinese people, stress, anxiety and psychological hardship resulted from losing job and financial risks were detrimental to health. It will finally lead to serious health outcomes. On contrary, the security and repose associated with good economic situations would tend to bring about good health outcomes (16) . Second, considering the marginal effects, individual health investment will be increased during the period of economic expansion. Thus, for individuals, better healthcare conditions can be provided and more attention will be paid on their health status. Such resources were allocated as limited time, energy, and money in ways reflecting expected costs and benefits (21) . Therefore, the decision on health investments was made depending on individual explicit or implicit cost/benefit analysis, such as ranking high or low (16) . The marginal effects of health-promoting activities may be altered by economic situation (11) . As human capital is one of the sources of economic growth, the population health status has been important (21, 22) . The easier for individual to find a job and increase their income, the more effective it could be to turn the value of health capital into reality during economy expansion (17) . There were more capitals to be obtained due to the economic expansion (23) . Therefore, health will be more cherished for individuals during periods of economy expansion.
Materials and Methods
In this study, mortality rate was applied to demonstrate population health status. To estimate the effects of unemployment rate on mortality, aggregate data of 31 provinces in China has been analyzed (between 1990 and 2011). Such period is length of economic cycle, which could help us with prediction of the relation between unemployment rate and population health in the future. There was a total amount of 682 observations. The dependent variable of interest was the log of the mortality rate per 1000 people in each province. Mortality rate is a major outcome determined for evaluating in most epidemiologic studies and clinical trials. Mortality rate was -hard‖ data with easily understandable meaning of the health status outcome (24) . As data of macro conditions was limited and unavailable, other health relevant measurements cannot be collected. Both static and dynamic models were performed in analysis. The static model, with contemporaneous effects only, and a dynamic model, which allows for lagged effects of unemployment on mortality were estimated. In a static context, fixed effect model was applied for estimation. Hausman test was applied to determine the establishment of fixed effects model. chi2=34.60(P<0.01). In addition, given that our sample covers all states of a country rather than a random sample of it, the fixed-effects specification is the more natural one. The fixed-effects estimator therefore was used.
With the fixed effects model, omitted variable bias could be controlled.
Where was the all cause (log) mortality of province at time , and was a year-specific effect, was the regional specific effect. was the log of the provincial registered unemployment rates. was a vector of other covariates and was the error term. Due to channels through which macroeconomic variables may influence health (25) , the health status of a population is not only impacted by macroeconomics, but also fundamentally influenced by its age structure, its exposure to various epidemiological vectors (partially owing to geographic factors), the nature of public policies pursued by a government-the provision of public goods (education) and the quality and quantity of the medical services available to the population. included the log of the change in province real GDP per capita (Compared with real GDP, the nominal GDP was de-flated to retail price index); the change in the proportion of 65 years and older; urbanizations; university and college students enrollment per 100 persons (log); and the number of doctors and beds per 100 persons (for evaluating the effects of medical service supply on mortality). Converting such variable into difference can assure stationary data and association of unemployment and health can be explored. The LLC test and IPS test rejected the hypothesis of unit roots (P<0.001), indicating that the transformed series are stationary. A bi-causal relationship was proved to exist between the macro economy and health status (23) . On one hand, health conditions have been considered vital in human capitals because it is directly associated to labor supply (22, 26, 27) . This point of view has been supported by some empirical researches (28, 29) . On the other hand, the effects of economic situations on health could not be ignored (30) . Many aspects of individual life would be influenced by macro-economic performance, including household income and assets, medical technique advancement, public health policy. All of these factors would result in variations to population health status (19) . The empirical results would be biased without considering the bi-causal relation and interaction between the macro economy and health status. Therefore, in this study, the instrument variable and 2-Step GMM estimation was applied to address and solve technical issues, which were limited in previous studies (31) . The potential instrumental variable should be correlated with the unemployment rate. However, the health outcomes would not be affected except by the unemployment rate of this year (31) . In this study, unemployment rate of the last two years were employed as instrument variables. Current health outcomes were affected by unemployment rate, but it should not directly influence on the data of unemployment rate in last two years. Two-year lag unemployment rate was referenced because the coefficients on third lag in the first stage of 2-Step GMM estimation were not significant at a level of 10 %. In next step, a dynamic econometric model was applied to evaluate a lagged effect of unemployment rate on mortality. According to the previous studies by Neumayor (5) , in the infinite distributed lag model, no lag length needs to be taken into account for lagged effect of unemployment rate on mortality. The IDL model can be expressed as follows with panel data context (5, 32):
The contemporaneous effects could be computed and calculated by , whereas the long-run effect could be presented by . Robust standard errors were employed, which are robust towards arbitrary autocorrelation as well as heteroscedasticity.
Results
In the whole period, the average mortality rate was 0.627%. In China, mortality has dropped for a long period with a long-term falling trend (the mortality was 0.675% in 1990 and it was decreased to 0.585% in 2011), while it has also oscillated over time. The average mortality rate of China has reached 0.706% in 2008. There were big variations existed in mortality rate among different regions in China. The average mortality rate was lowest in Guangdong (0.493%), while it was highest in Guizhou (0.738%). There were variations in China's economy during the whole stage. The mean unemployment rate was lowest in 1993 (2.557%), while the mean unemployment rate was highest in 2004 (3.949%). During the period from 1990 to 1993, the unemployment rate was increased and it was followed by a decrease during the period between 1994 and 2004, then increase again (Table 1) . Combining the data, the effects of the unemployment rate and economic growth on mortality rate were estimated and the results were summarized ( Table 2 ). The static model was applied to demonstrate the short-run effect. Fixed-effect Model demonstrated the multivariable regression results without addressing the endogeneity issue. As unemployment rate rose, general mortality increased. The effects of unemployment on mortality in different provinces were estimated, which were positive and statistically significant (P <0.01). In general, a decrease of 1% in unemployment rate would be associated with a mortality reduction of 3.7 %. The other static Model presented the result of endogeneity issue involving 2-Step GMM estimation and instrument variable (the unemployment rate of last two years). When the endogeneity issue has been addressed, the results were consistent. The coefficient of effects from provincial unemployment rates on mortality was 0.048 and was statistically significant (P <0.01).
There was a positive relationship between the unemployment rates of last two years and unemployment rates of this year. The result was statistically significant. In the test of the joint significance, the generated F-statistic was 247.62(P <0.05). Our instruments have been proved valid in a number of statistical tests, including the excluded-instrument test, under-identification test, weak-identification test, weak-instrumentrobustness test and tests of over identifying restrictions (33, 34) . In the dynamic model, the results were similar to the results in static model. A decrease of 1% in the unemployment rate would lead to a reduction of 4.4% in mortality rate. The relation between mortality and provincial unemployment rate was also listed (Table 3) . It indicated how mortality rate changed by one percentage point variation in provincial unemployment rate. The long-run effects (6.7%) were not so great compared to that of short-run effects. 
Discussion
Our current understanding on this association has been updated by examining Chinese data from 1990 to 2011. From the study of latest data in China, a more complete picture could be provided on the relationship between unemployment rate and health outcomes. The addition of data in China into the frame will help us understanding more about the relation between macro economy and health status in developing countries, which has been different from that of in developed countries. Further, the addition of updated data into our frame is more significant because it included the data in recession period started from 2008. In this critical period, the aggregate health status has not been broadly examined and there was little analysis about the effects of macro economy on population health outcomes. To our knowledge, there are only two very recent papers on the association between aggregate health and macroeconomic (35) . Therefore, it remains an open question. The contradictory results between China and the reported developed countries may be resulted from different social welfare system development (36) . Firstly, the social security safety system and network is not well established in China and the living standard of people can be easily influenced by macro-economy. Decreasing resource endowment would be accompanied by a rise in unemployment rate, which may be health-threatening (3, 19) . For example, specifically, the unemployment could lead to a decreased health investment and health services. At the same time, in longterm, the reduced income could lead to poor nutrition and housing condition, as well as less education. All of these factors would be obstacles for improving health status. On the contrary, abundant available resources could bring about a dropping unemployment rate, enabling people to enjoy better living conditions and healthcare services (36) . Secondly, since social safety system and network in China is not yet well developed, fluctuations in unemployment rate can easily make effects on psychological conditions. Without the cushion of social safety nets, the high unemployment rate during an economic recession often leads individuals to get anxiety. They may be worried about being fired and cannot make ends meet. This kind of life pressure usually brought about a health hazard (16) . From the findings in our study, many suggestions could be provided to health policy makers in China. It indicated that economic stability would be very vital for improving health status of population. If there was significant unemployment, the government could choose to accelerate the construction of social safety net or increase financial investment in health industry to guarantee the primary population health services. The results in this study may also be useful for people concerning global public health. At present, global health is going through economic difficulties. Compared to the developed countries, the social safety net in developing countries is generally weaker. It can be also inferred from our results, which is the population health outcomes in developing countries are fluctuations that are more vulnerable to economic. The difference of health status between developed countries and developing countries are believed to be widened. As a result, special attention should be paid to population health in developing countries during economic recession. There are also limitations in this study. Because limited macro data was available, we could only focus on the unemployment for demonstration the tendency of macro economy. In addition, the mortality rate was considered to reflect the population health outcomes. Thus, it could only analyze the effects of unemployment rate on mortality. More data needs to be collected and the health outcome shall be evaluated comprehensively from many aspects, such as case fatality rates and life expectancy. In addition, any causal inference was not possible beyond the speculations in our study. In further study, sophisticated analytical techniques should be also involved to verify the causal relationship between economic conditions and population health outcomes.
Conclusion
The result in China demonstrated that the unemployment rate was positively associated with mortality. The result also showed that the increased unemployment rate has been harmful to health outcomes of population. It will be significant to reduce the unemployment rate for improving potential public health benefits in developing countries like China.
Ethical considerations
Ethical issues (Including plagiarism, informed consent, misconduct, data fabrication and/or falsification, double publication and/or submission, redundancy, etc.) have been completely observed by the authors.
